Spanish moss (Tillandsia usneoides L.) was collected in South Carolina, maintained in a greenhouse, then exposed to five levels of photosynthetic photon flux density (PPFD) for 3 weeks. . Also, in a recent study of Spanish moss in South Carolina, levels of nocturnal acidification did not vary between plants collected in situ along a roadside and those collected inside the forest canopy, indicating that saturation of CAM must have occurred at low PPFD (7). Thus, preliminary findings emphasize the potential for differences in photosynthetic responses to PPFD between a CAM epiphyte and CAM desert succulents.
Investigations of photosynthetic responses to light using CAM plants are few. This is not surprising given the methodological difficulties in determining the effects of daytime PPFD 6, 7, 9) . Also, in a recent study of Spanish moss in South Carolina, levels of nocturnal acidification did not vary between plants collected in situ along a roadside and those collected inside the forest canopy, indicating that saturation of CAM must have occurred at low PPFD (7). Thus, preliminary findings emphasize the potential for differences in photosynthetic responses to PPFD between a CAM epiphyte and CAM desert succulents.
It is not inconceivable that Spanish moss may be more shadeadapted than desert CAM plants since this epiphyte can be found growing deep within tree canopies. The observation that Spanish moss also grows fully exposed to sunight at the outer edges of tree canopies and on telephone lines ( ability of this plant to acclimate to a wide range of PPFD. Such acclimation ability has been observed in several C 3 and C 4 species (3), but never in a CAM plant. The objectives of the current investigation were to determine the potential of Spanish moss to acclimate to various PPFD levels, and to demonstrate whether or not findings of the effects of light on desert CAM plants can be extended to epiphytic CAM plants. (Fig. 4) .
MATERIALS AND METHODS
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RESULTS
After exposure for 3 weeks to a range of PPFD levels, Spanish moss exhibited the greatest acid fluctuations (Fig. 1) as well as the highest Chi concentrations at 125 Mmol m~2 s -' (Fig. 2) . In both cases, exposure to higher or lower PPFD resulted in lower levels of acid or pigments. Chi a/b ratios varied only slightly in response to PPFD, being lower at the two highest PPFD levels (Fig. 2) .
Following the 3 week exposure to full sunlight (maximum PPFD of2000 Mmol m" 2 s~'), no differences in morning titratable acidities were observed from 53 to 450 /xmol m -2 s~' PPFD (Fig.  3A) . Similarly, evening acidities did not vary significantly with PPFD except acidity was higher at the lowest PPFD level. Thus, nocturnal increases in acidity increased from 53 to 95 Mmol m -2 s _l but did not change thereafter. Nearly identical results were obtained with Spanish moss exposed to 500 nmol m~2 s~' for 3 weeks, then exposed 5 d to a range of PPFD (Fig. 3B) . Plants treated 3 weeks with 250 ^mol m -2 s" 1 then 5 d of various PPFD showed even fewer differences (Fig. 3C) . Although overall acid fluctuations were lower in the plants exposed 5 PPFD treatment were found with Spanish moss exposed 3 weeks to either 125 /imol m" 2 s" 1 (Fig. 3D) or 65 Mmol m~2 s" 1 (Fig.  3E) .
In general, levels of tissue acidity measured immediately after the 3 week PPFD treatments were comparable to levels measured after the dark treatment and 5 d PPFD exposure (compare Fig.  1 with Fig. 3 ). This comparison is not possible with plants exposed to full sunlight since the growth chambers were incapable of producing this PPFD level. Greatest tissue acid fluctuations were found in those plants treated 3 weeks with a PPFD of 125 nmo\ m~2 s"' (Figs. 1 and 3D) .
After Spanish moss was exposed 3 weeks to full sunlight, nocturnal CO2 uptake increased from a daytime PPFD of 40 to 60 Mmol m" (Fig. 4A) . Daytime C0 2 losses decreased in a similar fashion. Nearly identical patterns of C0 2 exchange were obtained with plants exposed to 500 Mmol m -2 s~' for 3 weeks (Fig. 4B) , though nocturnal C0 2 uptake rates were higher and daytime losses lower. The same trend of increasing nocturnal C0 2 uptake with increases in daytime PPFD from 40 to 60 to 160 to 260 Mmol m~2 s" 1 was observed with plants exposed 3 weeks to 250, 125, and 65 Mmol m" 2 s"', but higher PPFD resulted in progressively decreasing C0 2 uptake rates (Fig. 4, C, D, and E) .
Integration of 24-h net C0 2 exchanges (Fig. 5 ) emphasizes three findings: (a) plants exposed 3 weeks to 250 Mmol m~2 s"' exhibited the greatest rates of nocturnal C0 2 fixation, (b) plants exposed 3 weeks to high PPFD lost C0 2 on a daily basis at low PPFD, and (c) Spanish moss treated 3 weeks with high PPFD exhibited saturation-type responses to increasing PPFD whereas have clearly shown that CAM in Spanish moss saturates at PPFD much lower than full sunlight and, depending on treatment PPFD, shows signs of photoinhibition at high PPFD. Nocturnal increases in the acidity in Spanish moss saturated at or below 95 /*mol m~2 s"', regardless of the PPFD exposure prior to experimentation (Fig. 3) . Similarly, the greatest acid fluctuations were observed in plants exposed 3 weeks to 125 umol m~2 s" 1 (Fig. 1) . The C0 2 exchange data also indicate that photosynthesis in Spanish moss, unlike other CAM plants studied thus far, saturates at low PPFD. Saturation or an optimum level of nocturnal C0 2 uptake occurred at 160 to 260 Mmol m~2 s~\ regardless of the PPFD level during the 3 week treatment (Fig. 4) . The slight discrepancy between the acidity and C0 2 exchange data may be attributed to differences between the two methods of quantifying CAM: (a) net CO2 exchange includes respiratory losses at night which may change with PPFD (3) while acid accumulation reflects gross C0 2 uptake only (although a small amount of malate may provide substrate for respiration [5] Spanish moss collected in South Carolina and grown a minimum of 3 weeks in a greenhouse exhibited an inability to acclimate photosynthetically to a range of PPFD levels during 3 week exposures. In all cases, plants responded similarly. The greater Chi concentrations at lower PPFD indicate that the 3 week period was long enough to allow adjustment of pigments to PPFD (the lowest PPFD was apparently too low to maintain a high Chi concentration; Fig 2) .
The results of this study have shown for the first time that a CAM plant does not require high PPFD. They have also provided an explanation for the ability of the epiphyte Spanish moss to grow in the interior of tree canopies.
